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(54) Numerical-control milling machine 

(57) A numerical-control milling machiine (1) having 
a supporting frame (2); a worlrtable (3) fitted to the sup- 
porting frame (2) so as to oscillate about a substantially 
horizontal first axis of rotation (A), and in turn having two 
rotary platforms (4), each for accommodating a worlc- 
plece; and two independent work units (5), each of 
which is fitted movably to the supporting frame (2), 



alongside the worktable (3), is positioned facing a cor- 
responding platform (4), and provides for machining the 
workpiece on the platform (4); the two wori< units (5) se- 
lectively operating either asynchronously, to machine 
the workpieces fixed to the two platfonms (4) independ- 
ently of each other, or synchronously to perform the 
same machining operations simultaneously on the 
workpieces fixed to the two platforms (4). 
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Description 

[0001] The present invention relates to a numerical- 
control milling machine. 

[0002] More specifically, the present Invention relates 
to a numerical-control, five-axis milling machine for pro- 
ducing gas-turbine blades, to which the following de- 
scription refers purely by way of example. 
[0003] As is known, numerical-control milling ma- 
chines currently used for producing gas-turbine blades 
comprise a supporting frame; a rocking worktable fixed 
to the supporting frame to oscillate about a horizontal 
axis of rotation over the worktable; and a work unit hav- 
ing a toolspindle movable in space to perform any de- 
sired milling operation. 

[0004] The work unit normally comprises an upright 
fitted to the supporting frame to move in a horizontal di- 
rection parallel to the axis of rotation of the worktable; 
and a toolhead movable vertically, on command, along 
the upright, and which is normally equipped with an elec- 
trically operated horizontal spindle movable horizontally 
to and from the worktable in a direction parallel to its 
own axis of rotation. 

[0005] The worktable nonnally comprises a rotary 
platfomri to which the wori< is fixed directly. 
[0006] Milling machines of the above type also com- 
prise a control unit for driving the various actuating de- 
vices on the machine to regulate in real time the tilt angle 
of the worktable, the angular position of the rotary plat- 
fomn, the position of the upright on the supporting frame, 
the position of the toolhead on the upright, and the po- 
sition of the spindle with respect to the toolhead, so as 
to machine the wori< on the rotary platfomn fully auto- 
matically. 

[0007] Milling machines of the above type have the 
major drawback of lacking versatility, and so only being 
used on a very small scale. 

[0008] It is an object of the present invention to pro- 
vide a numerical-control milling machine designed to 
eliminate the above drawbacks. 
[0009] According to the present Invention, there Is 
provided a numerical-control milling machine compris- 
ing a supporting frame, and a worktable fitted to the sup- 
porting frame so as to oscillate about a substantially hor- 
izontal first. axis of rotation; the milling machine being 
characterized in that said worktable comprises two plat- 
forms, each for accommodating a workpiece; and two 
Independent work units, each of which is fitted movably 
to the supporting frame, alongside the worktable, Is po- 
sitioned facing a corresponding platform, and provides 
for machining the woricpiece on the platfomn; the two 
wori< units selectively operating either asynchronously, 
to machine the wori<pieces fixed to the two platforms in- 
dependently of each other, or synchronously to perfomn 
the same machining operations simultaneously on the 
wori<pieces fixed to the two platfomns. 
[0010] A non-limiting embodiment of the present in- 
vention will be described by way of example with refer- 



ence to the accompanying drawings, in which: 

Figure 1 shows a front view of a numerical-control 
milling machine in accordance with the teachings of 

5 the present invention; 

Figure 2 shows a plan view, with parts removed for 
clarity, of the Figure 1 milling machine; 
Figure 3 shows a side view, with parts in section and 
parts removed for clarity, of the Figure 1-2 milling 

10 machine; 

Figure 4 shows a schematic view In perspective; 
with parts removed for clarity, of the Figure 1 -3 mill- 
ing machine; 

Figure 5 shows a front view, with parts in section 
15 and parts removed for clarity, of a component part 
of the Figure 1 -4 milling machine. 

[0011] With reference to Figures 1-4, number 1 indi- 
cates as a whole a numerical -control milling machine 
20 which may be used to advantage for producing the 
blades and/or bladed stages of any type of gas turbine, 
or any three-dimensional part of complex structure. 
[0012] Milling machine 1 comprises: a supporting 
frame 2; a rocking worktable 3 having two rotary plat- 
es fomis 4, each for accommodating a respective work- 
piece; and two independent work units 5, each of which 
is positioned facing a respective rotary platfomn 4 of 
worktable 3, and provides for machining the workpiece 
on the corresponding rotary platfomn 4 as described in 
30 detail later on. 

[0013] More specifically, worktable 3 is substantially 
U-shaped, and Is fixed at both sides to supporting frame 
2 to oscillate about a horizontal axis A of rotation located 
over the bottom of the wori<table where the two rotary 
35 platforms 4 are positioned; and the two workpieces are 
positioned on rotary platforms 4 so that their centers of 
gravity lie, when possible, along axis A. 
[0014] The two work units 5 are fitted to supporting 
frame 2, alongside worictable 3, so as to move on the 
40 frame In a direction parallel to axis A. 

[0015] In the example shown, supporting frame 2 
comprises a horizontal base 6, and a gantry 7 fixed to 
horizontal base 6, alongside wori<table 3, so that the up- 
per crossplece extends parallel to axis A; and the two 
45 work units 5 are mounted to move In the gap just below 
gantry 7. 

[0016] With reference to Figures 1 , 2 and 3, the two 
work units 5 each comprise an upright 8 mounted to 
slide along horizontal rails 9 extending parallel to axis A 

50 on base 6; a toolhead 1 0 mounted to slide vertically on 
the body of upright 8; and an electric spindle 11 or any 
other type of motor-driven splridle (I.e. the assembly 
comprising a toolspindle and corresponding drive mo- 
tor) fitted to toolhead 10 In a horizontal position with its 

55 toolspindle facing worktable 3. 

[001 7] More specifically, electric spindle 1 1 is fitted to 
toolhead 1 0 so that the axis of rotation of the toolspindle 
- hereinafter refenred to as axis 8 - lies horizontally in a 
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vertical plane P' perpendicular to axis A. 
[0018] Toolhead 10 comprises actuating means (not 
shown) wliich, on command and in l<nown manner, 
move electric spindle 1 1 in a horizontal direction parallel 
to axis B of rotation of the toolspindle, so as to regulate, 
instant by Instant, the distance between worktable 3 and 
the tip of the tool fitted to the spindle. 
[0019] In addition to the actuating means of electric 
spindle 11 in toolhead 10, each work unit 5 also com- 
prises actuating means 13 which, on command, move 
upright 8 along horizontal rails 9 extending parallel to 
axis A on base 6; and actuating means 14 which, on 
command and in known manner, move toolhead 10 
along upright 8. 

[0020] More specifically, in the example shown, actu- 
ating means 13 of each upright 8 employ a bail screw 
system for moving the corresponding upright 6 along 
horizontal rails 9, 

[0021] In other words, with reference to Figure 4, elec- 
tric spindle 1 1 of each worl< unit 5 is movable in space 
along three cartesian axes X, Y, Z, one of which (in the 
example shown, the X axis) is parallel to axis A. 
[0022] The two rotary platforms 4 are located on the 
bottom of worktable 3, are aligned parallel to axis A, a 
given distance apart, and each rotates, independently 
of the other and with respect to the body of worktable 3, 
about a respective axis C of rotation perpendicular to 
axis A. 

[0023] It should be pointed out that axes C of rotation 
of the two rotary platforms 4 are parallel to each other, 
and each lies at all times in a vertical plane 
P" perpendicular to axis A, regardless of the tilt angle of 
worktable 3. 

[0024] With particular reference to Figures 1 and 5, in 
the example shown, worktable 3 is substantially gondo- 
la- or cradle-shaped, and, at the two axial ends, has two 
cylindrical pins 15, each of which is mounted to rotate, 
via the interposition of rolling bearings 1 6, inside a seat 
1 7 formed in the end of a corresponding supporting col- 
umn 1 8 projecting vertically from base 6. 
[0025] Milling machine 1 obviously also comprises ac- 
tuating means 1 9 for operating worktable 3, and actuat- 
ing means 20 for operating rotary platforms 4 : the first 
for real-time controlling rotation of worktable 3 about ax- 
is A and, therefore, its tilt angle with respect to base 6. 
so as to prevent undesired twisting of worktable 3; and 
the second for real-time controlling rotation of each ro- 
tary platform 4 about respective axis C. 
[0026] More specifically, in the example shown, actu- 
ating means 1 9 comprise two electric torque-and speed- 
control motors (so-called torque motors) 21, each con- 
nected directly to a respective cylindrical pin 15 of 
worktable 3 to rotate the whole worktable 3 about axis 
A on command; and two hydraulic braking devices 22 
for selectively preventing rotation of the two cylindrical 
pins 15 about axis A. 

[0027] More specifically, the two electric torque mo- 
tors 21 and two braking devices 22 are housed In the 



two seats 1 7 formed in supporting columns 1 8, each fit- 
ted to a respective cylindrical pin 15 of worktable 3. In 
the example shown, the rotor 21 a of each electric motor 
21 is fitted directly to the corresponding cylindrical pin 

5 1 5, while the stator 21 b of each electric motor 21 Is fixed 
to the column, inside seat 1 7, and coaxial with rotor 21 a. 
[0028] It should be pointed out that, in the example 
shown, the position sensor 21c (so-called encoder) of 
electric motor 2 1 , which provides for determin ing instant 

10 by instant the angular position of rotor 21 a with respect 
to stator 21b, is also used for determining the tilt angle 
of worktable 3 with respect to the vertical. Fitting electric 
motor 21 directly to cylindrical pin 15, i.e. with no gears 
in between, in fact, rules out any possibility of measuring 

15 error. 

[0029] The two braking devices 22 comprise hydraulic 
jaws for selectively gripping the corresponding cylindri- 
cal pins 15 to prevent them rotating about axis A. 
[0030] Preferably, though not necessarily, actuating 
20 means 19 governing the position of worktable 3 also 
comprise a balancing device 23 for balancing the weight 
of worictable 3 and compensating for the effects pro- 
duced by the eccentricity, with respect to axis A, of the 
center of gravity of worktable 3 and any workpieces fixed 
25 to it. 

[0031 ] More specifically, the weight force on the cent- 
er of gravity of worktable 3 generates a torque which 
increases alongside an increase in the tilt angle of 
worktable 3 with respect to the vertical, and which tends 
30 to restore worktable 3 to a balanced position, i.e. aligned 
perfectly beneath axis A. Balancing device 23 provides 
for balancing this torque so that the twisting torque 
which the two electric motors 21 must apply to respec- 
tive cylindrical pins 15 to rotate worktable 3 about axis 
35 A is substantially constant at all times, regardless of the 
angular position of worktable 3. 
[0032] With reference to Figures 1 and 5, in the ex- 
ample shown, weight balancing device 23 is defined by 
two hydraulb pistons 24, each having a first end hinged 
40 to base 6, and a second end hinged to the body of 
worktable 3 eccentrically with respect to cylindrical pin 
15; and by an electrically controlled hydraulic distributor 
25, which regulates pressurized oil flow to and from the 
two hydraulic pistons 24 as a function of the angular po- 
45 sition of worktable 3, so as to compensate for the effects 
produced by the eccentricity of the center of gravity of 
worktable 3 with respect to the axis A of rotation of the 
worktable. 

[0033] To keep worirtable 3 steady in a given position 
50 without weight balancing device 23, electric motors 21 
would have to apply a twisting torque varying as a func- 
tion of the tilt angle of worktable 3 with respect to the 
vertical. 

[0034] As regards actuating means 20 of rotary plat- 
55 forms 4, each rotary platform 4, as shown in Figure 5, 
is disk-shaped, and has a projecting central cylindrical 
pin 30 coaxial with axis C and housed for rotation inside 
a corresponding seat 31 fonned in the body of worktable 
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3, and actuating means 20 are defined by two electric 
torque- and speed-control motors (so-called torque mo- 
tors) 32, each fitted directly to cylindrical pin 30 of a re- 
spective rotary platform 30 to rotate rotary platform 4 
about respective axis C on command, and by two hy- 
draulic bralcing devices 33 for selectively preventing ro- 
tation of the two cylindrical pins 30 about respective ax- 
es C. 

[0035] More specif icaiiy, the two electric torque mo- 
tors 32 and two braking devices 33 are housed inside 
the two seats 31 in worktable 3, each fitted to cylindrical 
pin 30 of the corresponding rotary platfomi 4. In the ex- 
ample shown, the rotor 32a of each electric motor 31 is 
fitted directly to the corresponding cylindrical pin 30, 
while the stator 32b of each electric motor 32 is fixed to 
the body of wori<tabie 3, inside corresponding seat 31 , 
and is coaxial with rotor 32a. 

[0036] Like electric motors 21 , the position sensor 32c 
(i.e. encoder) of electric motor 32, which provides for 
determining Instant by instant the angular position of ro- 
tor 32a with respect to stator 32b, is also used for de- 
tenninlng the angular position of rotary platfonm 4, see- 
ing as electric torque motor 32 is fitted directly to cylin- 
drical pin 30. 

[0037] Like braking devices 22, the two braking devic- 
es 33 each comprise hydraulic Jaws for selectively grip- 
ping the corresponding cylindrical pin 30 to prevent re- 
spective rotary platfomi 4 from rotating about axis C. 
[0038] With reference to Figure 2, milling machine 1 
also comprises a central control unit 35 for controlling 
actuating means 19 governing the position of worktable 
3, actuating means 20 of the two rotary platforms 4, and 
the means governing the movement in space of electric 
spindle 1 1 of each of the two wort< units 6 - I.e. actuating 
means 1 3 for moving each upright 8 on supporting frame 
2 (X axis), actuating means 1 4 for moving each toolhead 
10 on respective upright 8 (Z axis), and the actuating 
means for moving each electric spindle 11 on respective 
toolhead 1 0 (Y axis) - so as to simultaneously and fully 
automatically machine two separate workpieces, each 
fixed to a respective rotary platform 4. 
[0039] More specifically, control unit 35 can control 
the various actuating means of milling machine 1 to ma- 
chine the two workpieces on worktable 3 eithersynchro- 
nously - i.e. by the two work units 5 moving respective 
electric spindles 11 in space synchronously with each 
other - or asynchronously - i.e. by the two work units 5 
moving respective electric spindles 11 In space fully in- 
dependently of each other. 

[0040] In the first case, the two finished parts are iden- 
tical: whereas, in the second case, the two finished parts 
may be completely different. 

[0041] More specifically, when the two work units 5 
operate synchronously, control unit 35 appoints one 
wori< unit 5 as the main unit, assigns it direct control of 
ail five machining axes of milling machine 1 (i.e. move- 
ments along the X, Y and Z axes, and rotations about 
axes A and B), and then controls the actuating means 



of rotary platforms 4 and the actuating means governing 
the movement In space of electric spindles 1 1 of the two 
work units 5, so that the movements of the second con- 
trol unit 5 and corresponding rotary platfomi 4 faithfully 

5 reproduce the movements of the main work unit 5 and 
conresponding rotary platform 4. 
[0042] Conversely, when the two work units 5 operate 
asynchronously, control unit 35 controls the various ac- 
tuating means of milling machine 1 , so that the two work 

10 units 5 operate fully independently with independent 
four-axis control. 

[0043] In the example shown, control unit 35 disables 
movements of worktable 3 about axis A (one of the ma- 
chining axes of the machine), and controls actuating 

IS means 20 of the two rotary platfomns 4 and the means 
governing the movement in space of electric spindles 
11 of the two work units 5 fully independently of one an- 
other, so that each work unit 5 directly controls move- 
ments along its four machining axes (i.e. movements 

20 along the X, Y and Z axes, and rotations about axis C). 
[0044] In the example shown, control unit 35 can also 
temporarily suspend machining by either one of woric 
units 5, to allow the other work unit 5 to perform any 
machining operations requiring use of the fifth machin- 

25 ing axis of the machine, i.e. requiring rotation of the work 
about axis A. 

[0045] In other words, the fifth machining axis of the 
machine, i.e. rotation of worktable 3 about axis A, is 
shared by both work units 5, and can be used when 

30 needed by either one of work units 5, by temporarily sus- 
pending machining by the other. 
[0046] To safeguard against interference or collision 
of work units 5. in addition to the position sensors in ac- 
tuating means 13 of each upright 8, milling machine 1 , 

35 In the example shown, also comprises one or more sen- 
sors 36 for detemnlning Instant by Instant the distance 
between uprights 8. 

[0047] In which case, as a function of the signals from 
sensors 36, control unit 35 sequentially slows down the 

40 movements of the two uprights 8 along horizontal rails 
9 extending on base 6, when the distance between the 
two work units 5 falls below a first given threshold value, 
and disables "any movement of the two uprights 8 along 
horizontal rails 9, when the distance between the two 

45 work units 5 falls below a second given threshold value. 
[0048] With particular reference to Figure 2, milling 
machine 1 , in the example shown, Is equipped with a 
photocell or a laser distance sensor 36, which is located 
on the side of one of uprights 8, so as to directly face 

50 the other upright 8 and so determine In real time the ac- 
tual distance between the sides of the two uprights 8. 
[0049] With reference to Figures 1 , 2 and 3, milling 
machine 1 also comprises two chain conveyor tool- 
stores 37 aligned side by side on the top crosspiece of 

55 gantry 7, and each of the two work units 5 comprises an 
articulated arm 38 for performing the tool-change pro- 
cedure fully automatically. More specifically, the articu- 
lated arm 38 of each work unit 5 is fitted movably to up- 
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right 8, and provides, in sequence, for removing the tool 
from the toolspindle of toolhead 10, depositing the tool 
in the toolstore 37 directly over upright 8, withdrawing a 
new tool from toolstore 37, and fitting the new tool to the 
toolspindle of toolhead 1 0. 

[0050] Operation of milling machine 1 as described 
and illustrated herein is easily deduclble, with no further 
explanation required. 

[0051] The advantages of milling machine 1 as de- 
scribed and illustrated herein are obvious: by providing 
two independent work units 5 capable of operating both 
synchronously and asynchronously, structurally differ- 
ent bladed gas-turbine stages can be produced simul- 
taneously, thus greatly improving the versatility of the 
machine. 

[0052] Milling machine 1 as described and illustrated 
herein also has the further advantage of twice the hourly 
output of conventional milling machines, and much low- 
er running costs than two conventional machines oper- 
ating in parallel. 

[0053] Another advantage of milling machine 1 de- 
scribed above lies in control unit 35 being able to com- 
plete machining even in the event of a fault on one of 
the two work units 5, by all the process control systems 
being duplicated to control the two work units 5 inde- 
pendently. 

[0054] Clearly, changes may be made to milling ma- 
chine 1 as described and Illustrated herein without, how- 
ever, departing from the scope of the present invention. 
[0055] In particular, in a variation not shown, milling 
machine 1 may comprise two rocking worktables fitted 
to supporting frame 2 side by side and aligned along 
axis A. In which case, the two rocking worktables oscil- 
late independently about axis A, and each have only one 
rotary platform 4. 

[0058] In other" words, milling machine 1 comprises 
two rocking worktables aligned side by side along axis 
A, and which differ from worktable 3 solely by each hav- 
ing only one rotary platfonn 4, all the other structural 
characteristics being the same. 
[0057] In this variation, worktable actuating means 1 9 
are therefore duplicated to real-time control the tilt angle 
of each worktable with respect to base 6. and supporting 
frame 2 may comprise a third supporting column pro- 
jecting from base 6, centrally between supporting col- 
umns 1 8, to support one end of both rocking worktables. 



Claims 

1 . A numerical-control milling machine (1 ) comprising 
a supporting frame (2), and a worktable (3) fitted to 
the supporting frame (2) so as to oscillate about a 
substantially horizontal first axis of rotation (A); the 
milling machine (1) being characterized in that 
said worktable (3) comprises at least two platforms 
(4), each for accommodating a workpiece; and two 
Independent work units (5), each of which Is fitted 



movably to the supporting frame (2), alongside the 
worktable (3), is positioned facing a corresponding 
platfonn (4), and provides for machining the work- 
piece on the platform (4); the two work units (5) se- 

5 lectively operating either asynchronously, to ma- 
chine the wortcpieces fixed to the two platforms (4) 
independently of each other, or synchronously to 
perform the same machining operations simultane- 
ously on the workpieces fixed to the two platforms 

10 (4), 

2. A milling machine as claimed in Claim 1 , charac- 
terized in that each said work unit (5) comprises at 
least one toolspindle movable in space along three 

^5 cartesian axes (X, Y, Z); said first axis of rotation (A) . 
being parallel to a first axis (X) of said three carte- 
sian axes (X, Y, Z). 

3. A milling machine as claimed In Claim 2, charac- 
20 terlzed in that said toolspindle rotates about a sec- 
ond axis of rotation (B) lying in a plane (P') substan- 
tially perpendicular to said first axis of rotation (A). 

4. A milling machine as claimed in Claim 3, charac- 
25 terlzed In that each work unit (5) comprises an up- 
right (8) mounted to slide on the supporting frame 
(2) in a direction parallel to said first axis of rotation 
(A); a toolhead (10) mounted to slide vertically on 
the body of the upright (8); and a motor-driven spln- 

30 die (11 ) fitted to the toolhead (1 0) with its toolspindle 
facing said worktable (3). 

5. A milling machine as claimed in Claim 4, charac- 
terized in that the toolspindle of said motor-driven 
spindle (11) is positioned horizontally, and is fitted 
movably to the corresponding toolhead (10) so as 
to translate in a horizontal direction parallel to said ' 
second axis of rotation (B). 

A milling machine as claimed in Claim 5, charac- 
terized In that each work unit (5) comprises first 
actuating means (13) for moving the upright (8) 
along the supporting frame (2) on command; sec- 
ond actuating means for moving the toolhead (10) 
along the upright (8) on command; and third actu- 
ating means for moving the motor-driven spindle 
(1 1 ) on the toolhead (1 0) in said horizontal direction 
parallel to the second axis of rotation (B). 

A milling machine as claimed in any one of Claims 
1 to 6, characterized by comprising only one 
worktable (3) fitted in rotary manner to the support- 
ing frame (2) to oscillate about said first axis of ro- 
tation (A); said two platfomns (4) being fitted in rotary 
manner to the body of said worktable (3). 

8. A milling machine as claimed in any one of Claims 
1 to 6, characterized by comprising two worktables 
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fitted in rotary manner to tlie supporting frame (2) 
to oscillate about said first axis of rotation (A) ; said 
two platforms (4) each being fitted in rotary manner 
to tlie body of a respective said worl<tabte (3). 

5 

9. A milling machine as claimed in any one of the fore- 
going Claims, characterized in that each said plat- 
fonn (4) Is fitted to the body of said worktable (3) to 
rotate about a third axis of rotation (C) perpendicu- 
lar to said first axis of rotation (A); said milling ma- io 
chine (1) also comprising fourth actuating means 

(20) which, on command, rotate each said platfomi 
(4) independently about the respective third axis of 
rotation (C). 

15 

1 0. A milling machine as claimed in any one of the fore- 
going Claims, characterized by comprising fifth ac- 
tuating means (1 9) which, on command, rotate said 
worlrtable (3) about said first axis of rotation (A). 

20 

11. A milling machine as claimed in Claim 10, charac- 
terized in that said worktable (3) is substantially 
gondola- or cradle-shaped, and comprises, at the 
two ends, two pins (15), each mounted for rotation 

in the supporting frame (2); said fifth actuating 25 
means (19) comprising at least one electric motor 

(21 ) fitted directly to a con^esponding pin (1 5) of said 
worktable (3) so as to rotate, on command, the 
whole worktable (3) about the first axis of rotation 
(A). . 30 



12. A milling machine as claimed in Claim 10 or 11, 
characterized in that said fifth actuating means 
(1 9) comprise a device (23) for balancing the weight 
of the worktable (3), and which compensates for the 35 
effects produced by the eccentricity, with respect to 
the first axis of rotation (A), of the center of gravity 
of the worktable (3), so that the twisting torque 
which said at least one electric motor (21 ) must ap- 
ply to the pin (1 5) to rotate the worktable (3) about 40 
the first axis of rotation (A) is substantially constant 
at all times, regardless of the angular position of the 
worktable (3). 
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